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0. N. Belorossova
Submitted 18 Nov 1948

In the preceding report (1) by these members of the Chemical Institute
imeni Academicien A. Ye. Arbuzov, Kazan Affiliate of the Academy of Sciences,
USSR, the synthesis of representatives of a new group of arsenophosphoro-
organic compounds with the direct single bond, As - P, was described for the
first time in chemical literature. :

Two comparatively simple methods were employed in the preparation of com- ¢
pounds of this group: the interaction of various secondary halogen arsines’
either: (1) with alkyl esters of phosphorous acid, or (2) with metel deriva-
tives of diethylphosphorous acid in absolute ether.

The purpose 01’: this report is to summerize results of the investigation
of new representatives of esters of cacodylphosphonic acid with the following
general formula: '

rRy” | YSom;

hrough the interaction of & scdium sslt of dielkylphosphorous acid
(where the alkyl radical is C3H7 or Cuﬂg) with various secondary iodoarsines,
a number of esters of cacodylphosphonic acid were synthesized. These esters
are shown in the following table along with their physical properties:
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Bp at a°
Ester Structure = 2 mm in 9C o "p

CH3_ (0C=H7) Iso 99-99.5 1.1932 1.4761
As - H7)a /
cig” RlocsHT

Normal 127-128 1.0884

3. Czﬂs\A 1.1226
8
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- 'P(OCqu)a
n ClhHg 6

4, Normal 138.5-139 1.1268 1.4733

CoH
2 us - plooug)s
150-01@9
5. CoHls Normal ' 165-166 1.2620 1.5375
“Sas - P(0C3HT)2
0635/ 8 :
6. G Normal 176-176.5 1.2031 1.5304
#5he - plocit .A
C6H5 5

4, . N
The esters listed above are colorless liquids with the characteristic un-
pleasant odor of cacodyls, and can be distilled without decomposition in &
stream of inert gas in & high vacuum.

The propyl and also the butyl esters of caccdylphosphonic acid can be sa-
ponified by heating with concentrated hydrochloric acid; in the process of sa-
ponificaticn, the corresponding alkvl chlorides, the oxides of secondary ar-

—allewa corier

sines, and phosphorous acid are liberated.
. \

It was shown also that the alkyl esters of cacodylphosphonic acid are ox-
idized upon contact with the air, apparently, according to the reaction:

T - R R Y R
2 As - P(OR +0 - Ag-0-A + /(R0)oPO 0.
R/ 8 %( 1)2 2 R/ 8 B\R L-( )x_ ._72

The initial members.of the preceding table are oxidized quickly upon con-
tact with the air. The oxidation of the first and second ester, for example,
proceeds by the way of &' pronounced exothermic reaction.

Preparation of Ethylisobutylidiivarsine

100.5 grams of ethyldiiodosrsine were added to & mixture of 115 milliliters
of 10 N solution of NaOH‘#nd 150 milliliters of 95-percent alcohol, and into
the resulting clear solution were then gradually added 51 grams of isobutyl bro-
mide. After 6 hours, the alcohol was distilled off by boiling on a water bath.
Further procedures of this preparation were given previously (2) for an anslagous
compound..
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The boiling point of this compound is 103-104 degrees at 13 millimeters,
and the yield was 69.8 percent of the theoretical.

0.1257 g of the substance weighed in; 0.10243.911 g AgI
[ﬁote: The figure for the amount of Agl obtained is obviously 1ncorrect_._7
Found % of I: h3.91

Computed % of I: LUk.OT

This compound (CgH;uAsI) is & cleer colorless liguid with an unplesant
odor.

Preparation of n-butylester of Methylethylcacodylphosphonic Acid

Into & 500-milliliters round-bottomed flask equipped with & dropping fun-
nel, an agitetor, and a reflux condenser, and containing 200 milliliters of
sbsolute ether were introduced 3.2 grams of sodium metal wire. Then through
the dr0pping' funnel were added 28.6 grams of dibutylphosphorous acid. Forma- -
tion of the sodium salt of dibutylphosphorous acid occurred in en exothermic
reaction. After adding the total quantity of the acid, the contents of the
flask were boiled on & water bath for 2 hours, and the mixture was then cooled
prior to the addition of 33 grams of methylethyliodoarsine. Finelly, the
flask wes heated on the water bath for 2 hours, and after cooling, the precip-
itate of sodium iodide was filtered off and the ether distilled from the fil-
trate. ‘The substance remaining was distilled in a vacuum in a stream of inert
gas. The boiling point was 127-128 degrees; the yield 56 percent of the the-

oretical.
I. )..1409 g of she substsnce veighed in; 0.0695 g AsaS5
II. 0.1189 g of the substance weighed in; 0.0598 g AsgSs
Ia. 0.1369 g of the substance weighed in; 26.65 ml NaOH

IIa. 0.1409 g of the substance weighed in; 30.60 ml NaOH 1 ml NaOH; O.475
og P ’ .

Found % of As: I-23.83; II-24.30; found % of P: I-9.82;I1-10.15

Computed % of As: 24.0l; computed % of P:. 9.9k

20 ,

dy~ 1.0710

C11HpgASPOg

Upon standing in the air for some time this liquid turns dark, oxidizing to
form methylethylarsinic oxiue.

By

Oxidation of n-butyl Ester of Methylethylcacodylphosphonic Acid

Twelve grams of this substance were placed in a distillation flask of
the A. Ye. Arbuzov type, erd eir was bubbled through it for 5 hours. The re-

AR i d
action commenced with the liberation-of a small quantity of heat. The next
day, the contents of the flask were subjected to distillation in a vacuum,
and 4.2 grams of substance boiling.at 73-T4 degrees at 11 millimeters were ob-
teined. A viscous 1liquid remaining in the flask was not distilled further.
Investigation established this as bis-(methyleth larsyl) -oxide, previously
prepared by one of these authors /probably Kemey/ as well as by Wigren (3).
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Preparation of Isopropylester of Methylethylcecodylphosphonic Acid

) This substance was synthesized by introducing 2 grems of metallic sodium
into 17 grams of diisopropylphosphoric acid and 22.5 grams of methylethylio-
doarsine. By distilletion in & current of COp the following fractions were

obtained:
I. 93-98° at 2 mm - 2.6 g
IT. 99-100° at 2 mm - 3.19 g
Residue in the flask - 6.5 g

The second fraction in e subsequent distillation ylelded a fraction with
a boiling point of 99-99.5 degrees at 2 millimeters and 110-112 degrees at
4-5 millimeters.

0.1173 g of the substance weighed in; 0.0645 g AspSg

0.1286 g of the substance weighed in; 29.75 ml NaOH

Found % of As: 26.98; found % of P: 10.81

Computed % of As: 26.38; computed $ of P: 10.92
c9ﬂé2AsP03 _
d(1)8 1.1733; ncl)a 1.4761

Preparation of n-butylester of Ethyl-n-butylcacodylphosphonic Acid

This compound was synthesized by introducing 3.5 grams. of metallic sodium
into 31 grams of n-dibutylphosphorous acld and 35 grams of ethyl-n-butyliodoar-
sine in absolute ether. The exothermlic reaction resulted in the formation of
a white crystalline residue -- & 52-percent yield of the theoretical.

0.13)1 g of the substance weighed in; 0.5

0.1399 g of the substance weighed in; 21.7 ml NaOH

1 ml NaOH; 0.5448 mg P

Found % of As: 20.9T; found % of P: B8.45

Computed % of As: 21.16; computed % of P: 8.76

C14H32A8P03 is & colorless, rather viscous liquid (d20 1.1048 and n%o
1.’+775% which is quickly oxidized upon contact with the a¥r. The oxidation
products were not investigated.

‘. Preparation of n-butyl ester of Ethylisobutylcacodylphosphonic Acid

For this synthesis, 2.08 grams of metallic sodium, 17.6 grems of dibuiyl-
phosphorous acid, and 28 grams of ethylisobutyliodoarsine were used and the re-
, sulting ethereal extract, distinguished by a weak yellow.color, was distilled
’ in & vacuum in a stream of CO,. Boiling point of the main fraction was 138.5-
140 degrees at 2 millimeters, ﬁote:_ This value is not the one given in the °
table, however_.] The yield was 17.3 grams cr about 54 percent of the theoret-
ical. . !
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0.1608 g of the substance weighed in; 0.0709 g A5285

0.1412 g of the substance weighed in; 22.25 ml NaOH

1 ml NaOH; 0.5448 mg P i
Found % of As: 21.30; found % of P: 8.59

Computed % of As: 21.16; found % of P:' 8.76

a2° 1.1087; n20 1.4738

Clhﬂ32AsPO3

This viscous liquid was very rapldly oxidized with liberation of heat upon
contact with the air.

Preparation of n-propyl Ester of Ethylphenylcacodylphosphonic Acid

Preparation of this compound was accomplished by the interaction of the
sodium salt of dipropylphosphorous acid, which hed previously been prepared
from 2.17 grams of metallic sodium and 19.3 grams of dipropylphosphoric acid
with 35 grams of ethylphenyliodoarsine. Distillation in a stream of CO2 in a
vacuum gave the following fractions:

I. 14%0-165° at 2 mm - 4.65 g ) :
II, 165-167° et 2 mm - 18.26 g X 1
Residue in the flask .- 8.52 g
A subsequent distillation of the second fraction ylelded a fraction the

boiling point of which is given in the table.

0.1269 g of the substance weighed in; 0.0572 g A8ySg
0.1152 g of the substance weighed in; 18.1 ml NaOH
1 ml NaOH; 0.5535 mg P :
Found % of As: 21.78; P: 8.69
Computed % of As: 21.65; P: 8.96
CthEhASP%
a2 1.2%7; n2* 1.5375

Preparation of Butyl Ester of Ethylphenylcacodylphosphonic Acid

A yleld of 60.7 percent of the theoretical or 15 grams was obtained from
2.2 grams of metallic Na, 20 grems of aibutylphosphorous acid, and 30 grams of

ethylphenyliocdoarsine.
0.1319 g of the swbstance weighed in; 0.0532 g A5285
I. 0.1312 g of the substance weighed in; 19.6 ml NaOH

II. 0.1361 g of the substance weighed in; 20.1 ml NaOH 1 ml NaOH;
0.5535 mg P
- 5 -
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Found % of As: 20.22; found % of P: I-8.27; II-8.17

Computed $ of As: 20.03; computed % of P: 8.28

.13 . .18 .

a5 1.1875; np 1.5304

A viscous liquid with the molecular formula Cl :! 8AsP0 , this compound ox-
idizes in the air to form bis-(ethylphenylarsyl)-ox?de withla boiling point
188-189 degrees at 5 millimeters. .

Saponification of Butyl Ester of Ethylphenylcacodylphosphonic Acid

Seven grams of the substance and 20 milliliters of concentrated hydrochloric
acid were heated in a flask with a reflux condenser for 6 hours. After cooling,
the contents of the flask separated into two layers, the lower one of which was
then removed, washed with water, and dried with calcium chloride. The boiling
point (187-188 degrees at 4.5 millimeters and other physical constants indicated
that the compound obtained was bis-(ethylphenylarsyl)-oxide, earlier prepared by

Kamay (4).
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